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Semiorganic nonlinear optical crystal of L-Glutamic acid hydrochloride (LGHC) was grown from aqueous solution by slow evaporation
technique. Single crystal X-ray Diffraction analysis conﬁrms that LGHC crystallizes in orthorhombic system with noncentrosymmetric space
group P212121. The powder X-ray diffraction study conﬁrms the crystallinity of the grown crystal. The fundamental functional groups of the
grown crystals were analyzed by Fourier Transform Infrared spectroscopic analysis in the range of 450–4000 cm1. The range of optical
transmission was ascertained using UV–vis–NIR studies. The Refractive Index of the LGHC crystal was found to be 1.4. The second harmonic
generation efﬁciency of the LGHC was determined using Kurtz and Perry powder technique and it was 0.5 times greater than that of the KDP
crystal. Thermo Gravimetric Analysis (TGA) and Differential Thermal Analysis (DTA) were used to study thermal behavior of the sample. The
dielectric behavior and ac conductivity of the sample were studied as a function of frequency for different temperatures. The mechanical strength
of the crystal was determined by Vicker's Hardness test. The elastic stiffness constant and yield strength of the sample was calculated.
& 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Chinese Materials Research Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The design of devices that utilize photons instead of
electrons in the transmission of information has created a need
for new materials with unique optical properties [1]. Extensive
efforts were made in recent years to develop new inorganic,
organic and semi organic nonlinear optical (NLO) materials
that possess properties such as high threshold, wide transpar-
ency range and high nonlinear coefﬁcient which make them
suitable for frequency doubling [2]. Semiorganic materials are
attracting a great deal of attention in the ﬁeld of nonlinear
optics [3]. In semiorganic materials, the organic ligand is
ionically bonded with inorganic host that resulted in new
materials having high optical nonlinearities [4]. Complexes of
amino acids with inorganic salts are promising materials for/10.1016/j.pnsc.2016.01.013
16 The Authors. Production and hosting by Elsevier B.V. on behalf
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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nder responsibility of Chinese Materials Research Society.optical applications such as optical communication, optical
computing, optical information processing, optical disk data
storage, laser fusion reaction, laser remote sensing.
L-Glutamic acid is a phase matchable NLO material that has
high transparency in the UV region [5]. L-Glutamic Acid has an
acidic carboxyl group on its side chain, which serves as both an
acceptor, and a donor of ammonia, and is the main NLO active
chromophore [6]. Earlier study reported includes the growth and
characterization of L-glutamic acid crystals with halogen com-
pounds were L-glutamic HCl [7,8], L-glutamic acid and halogen
salts [9]. Sathyalakshmi et al reported the growth and character-
ization of pure and doped L-glutamic acid hydrochloride [6].
Selvaraju et al reported metastable zone width, induction period
for L-glutamic hydrochloride crystal that was grown by low
temperature solution growth method [10] and its growth and
characterization by slow evaporation method [11]. Bairava
Ganesh et al reported Sankaranarayanan-Ramasamy (SR) method
of uniaxial growth of L-glutamic hydrochloride crystal and its
comparative studies [12].of Chinese Materials Research Society. This is an open access article under the
J. Uma, V. Rajendran / Progress in Natural Science: Materials International 26 (2016) 24–31 25The present investigation deals with the growth and chara-
cterization of L-Glutamic acid hydrochloride (LGHC) single
crystal by slow evaporation solution growth technique. The
grown crystal was subjected to single crystal X-Ray Diffrac-
tion, powder X-Ray Diffraction, FT-IR, UV–vis–NIR, refrac-
tive index, SHG, TG/DTA, dielectric and mechanical studies.2. Experimental procedure
2.1. Synthesis
L-Glutamic acid Hydrochloride (LGHC) was synthesized by
slow evaporation solution growth technique from aqueous
solution containing L-Glutamic acid (Extra pure grade, Merck)
and Hydrochloric acid (GR grade) of 99% purity in 1:1
stoichiometric ratio. The resultant solution was ﬁltered and
allowed to evaporate at room temperature. Optically good
quality crystals were harvested over a period of 20 days. The
purity of the synthesized material was improved by the
repeated recrystallization. The most essential feature of growth
of high optical quality crystal is the puriﬁcation of the material.
It is essential to increase the purity to reputable level before
proceeding further to get the better quality crystal [13]. The as
grown crystals of LGHC are shown in Fig. 1. The LGHC was
synthesized on the following reaction
HOOC(CH2)2CH(NH2)COOHþHCl-HOOC(CH2)2CH
(NH3)COOH Cl2.2. Solubility
The solubility of synthesized LGHC crystal was determined
by dissolving the crystals in deionized water taken in an air
tight container, maintained at a constant temperature with
continuous stirring. After attaining the saturation, the equili-
brium concentration of the solute is analyzed gravimetrically.
The temperature dependence of solubility of the LGHC is
shown in Fig. 2. From the graph, it is found that the solubility
of the LGHC increases with temperature and possesses
positive gradient of solubility.Fig. 1. As grown crystal of LGHC.3. Results and discussion
3.1. Single crystal and powder X-ray diffraction analysis
Single crystal X-ray diffraction data were recorded using
Bruker Kappa APEXII X-ray diffractometer with MoKα
radiation (α¼0.7107 Å) at room temperature. The LGHC
crystal belongs to orthorhombic system with the space
group of P212121. The cell parameters of the grown crystals
are a¼5.1317 Å (70.01), b¼11.7290 Å(70.001), c¼
13.2767 Å(70.02), and V¼799.1134 Å3(70.01) and are in
good agreement with the earlier reported values [7,14]. The
single crystal XRD results are tabulated in Table 1.
Powder X-ray diffraction pattern was recorded using CuKα
(K¼1.5418 Å) radiation by crushing the LGHC crystal into
ﬁne powder. The diffraction pattern is shown in Fig. 3 that
conﬁrms the perfection of good quality single crystal. The
appearance of quiet sharp diffraction peaks shows that the
LGHC crystal is free from structural grain boundaries and the
crystalline nature is good [15].3.2. FT-IR spectral analysis
The FT-IR spectra of the grown crystal were recorded in the
KBr phase in the frequency range of 450–4000 cm1 using aFig. 2. Solubility curve of LGHC.
Table 1
Single Crystal XRD results.
Chemical formula HOOC(CH2)2CH(NH3)COOH Cl
Crystal System orthorhombic
Space group P212121
a (Å) 5.1317
b (Å) 11.7290
c (Å) 13.2767
α¼β¼γ (deg) 90
Volume (Å3) 799.1134
Table 2
J. Uma, V. Rajendran / Progress in Natural Science: Materials International 26 (2016) 24–3126Perkin Elmer Spectrum1 FT-IR spectrometer as shown in Fig. 4.
The broad peak observed between 3400–2500 cm1 is assigned
to O–H stretching vibration which overlaps with the peaks
corresponding to N–H stretching vibration due to the primary
amines (–NH2) at 3000 cm
1 and C–H stretching vibration
modes around 2900 cm1 [16]. The peak at 1682 cm1 is due
to C¼O stretching. It is slightly shifted due to the compound
formation. The compound formation occurs in such a way that
the primary amide group –NH2 is combined with the HCl and
gives NH3
þCl by forming the bond between the chlorine atom
of HCl with the amide group of L-glutamic acid [14]. Chlorine
anions act as acceptors and connect two adjacent carboxylic
groups of L-glutamic acid through the hydrogen bonding
interaction. This interaction enhances the NLO activity of the
LGHC crystal and makes it suitable for optoelectronic applica-
tion. The peak observed at 1608 cm1 corresponds to NH3
þ
vibration. C–H and O–H bending vibration modes show
absorption peaks at 1425 and 999 cm1 respectively. The C–
O stretching vibration shows an absorption peak at 1210 cm1.
The functional group assignments of LGHC crystal are given in
Table 2.Fig. 3. Powder X-Ray Diffraction of LGHC.
Fig. 4. FTIR spectrum of th3.3. UV–vis–NIR spectral analysis
The UV–vis–NIR absorption spectrum of the LGHC crystal
was recorded in the range of 200–2000 nm using a Cary
Varrian UV-vis-NIR spectrophotometer and is shown in
Fig. 5. It is observed that there is low absorbance in the entire
visible and IR regions. It is evident that LGHC has a very low
UV cutoff wavelength at 248 nm which is sufﬁcient for
Second Harmonic Generation. At lower temperatures the
active trapping of impurities by the growing crystals leads to
the formation of different defects that result to the increase of
optical absorption or decrease of transmission [17]. The
decrease in the percentage of optical absorption in LGHC
crystal may be due to the absent of solvent inclusion which in
turn reduces the scattering centers and increase the output
intensity [18]. The transparency nature in the entire visible and
IR region is the desired criteria for NLO applications.e grown LGHC crystal.
FTIR functional group assignments of LGHC crystal.
Wavenumbers (cm1) Assignments
489 NH3
þ torsion
534 COO wagging
633 NH3 deformation
674 COO in-plane deformation
792 O–H in-plane deformation
862 C–C stretching
999 O–H bending
1079 NH3
þ rocking
1210 C–O stretching
1274 CH2 twisting
1372 C–C–H in-plane deformation
1425 C–H bending
1508 NH3
þ symmetric deformation
1608 NH3
þ vibration
1682 C¼O stretching
1722 COO stretching
2123 NH3
þ degenerative deformation
2293, 2900,1980 C–H stretching
2623, 3000 N–H stretching
Fig. 5. UV Absorption spectrum of LGHC.
Fig. 6. Plot of (αhν)2versus hν of LGHC.
Fig. 7. Refractive index of LGHC.
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Eq. (1)
α¼ 2:303
t
 
log
1
T
 
ð1Þ
where T is the transmittance and t is the thickness of the
crystal. Optical band gap (Eoptg ) was evaluated from the
absorption spectra and optical absorption coefﬁcient (α) near
the absorption edge [19] is given by Eq. (2).
hυαð Þ ¼ A hυEoptg
 1
2 ð2Þ
where A is a constant, Eoptg the optical band gap, h the Planck
constant and υ the frequency of the incident photons. By
plotting a graph between (αhυ)2 versus hυ and extrapolating
the linear portion near the onset of absorption edge to the
energy axis [20], the band gap of LGHC crystal was estimated.
From Fig. 6, the value of band gap was found to be 5.08 eV.3.4. Refractive index measurements
Refractive index of the LGHC was measured using Metri-
con model 2010 prism coupler. The resolution of the instru-
ment was of 70.0005. A laser beam strikes the base of the
prism and it is reﬂected normally at the prism base onto a
photo detector. The Sample was brought into contact with the
prism base by means of a coupling head. Nitrogen gas pressure
was used to make a contact between the crystal and the prism.
The angle of incidence ‘θ’ of the laser beam could be varied by
means of a rotary table. The refractive index was determined
by measuring the critical angle or mode angle “θ” for the
sample-prism interface. The LGHC crystal shows a clear
critical angle knee, from which the refractive index was
calculated by an appropriate computer algorithm. The knee
observed is shown in Fig. 7 and the calculated refractive index
is 1.4.3.5. Second harmonic generation
The second harmonic generation conversion efﬁciency of
the LGHC was measured by the Kurtz and Perry powder
technique [21]. The grown single crystal of the LGHC was
powdered with a uniform particle size and then packed in a
micro capillary of uniform bore and exposed to laser radia-
tions. The fundamental beam of high-intensity (λ¼1064 nm)
from Q- switched Nd:YAG laser with pulse duration of 8 ns
with 10 Hz pulse rate was made to fall normally on the
powdered sample cell. The second harmonic generation
behavior was conﬁrmed from the emission of green light
(λ¼532 nm) and collected after separating the 1064 nm pump
beam with an IR-blocking ﬁlter. SHG efﬁciency of the LGHC
crystal is found to be 0.5 times greater than that of the KDP
crystal. SHG efﬁciency of semiorganic crystals reported earlier
is compared in Table 3.
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The Thermo Gravimetric Analysis (TGA) and Differential
Thermal analysis (DTA) were carried out for the LGHC crystal
using TGA Q500 V20.10 Build 36 thermal analyzer in the
temperature range of 50–850 1C in nitrogen atmosphere at a
heating rate of 20 1C min1. The TGA and DTA graph is
shown in Fig. 8. The studies reveal that LGHC is thermally
stable up to 185 1C, after that the sample undergoes appreci-
able weight loss. The weight loss in the initial stage was
36.84% with a peak at 225 1C. The change in weight loss is
due to the liberation of water molecules in the crystal, which
conﬁrms the decomposition nature of the sample. Above
270 1C, the weight loss was 49.09% and is due to the complex
degradation of volatile compounds such as N, Cl and CO2.The
ﬁnal stage of weight loss is 6.54% where the sample
completely decomposes without any residue. From the studies
it is evident that the LGHC crystal can be used for opto
electronic device fabrication up to the temperature of 185 1C.
3.7. Dielectric studies
The dielectric permittivity and dielectric loss was measured
using HIOKI 3532-50 LCR HITESTER model 3532–50 LCR
meter. The sample of size 6.78 2.75 1.82 mm3 was coatedTable 3
Comparison of SHG efﬁciency.
Crystal Space
group
SHG
efﬁciency
Reference
L-Glutamic acid hydrobromide, P212121 1.25 [22]
L-Histidine hydrobromide P212121 1.6 [23]
L-Arginine hydrochloride
monohydrate (LAHCl.H2O)
P21 0.38 [24]
L-Glutamic acid hydrochloro
bromide(LGHCB)
P212121 1.5 [5]
LGHC P212121 0.5 Present work
Fig. 8. TGA /DTA thermogram of LGHC.with silver paste to obtain good Ohmic contact. The (011)
faceted LGHC crystal was used for the dielectric measurement.
The experiment was carried out in the frequency range of
50 Hz to 5 MHz at different temperatures (313, 333, 353 and
373 K). The dielectric permittivity of a crystalline material is a
second order tensor. For an orthorhombic system there are
three independent components: ε11, ε22 and ε33 corresponding
to a, b and c-directions respectively. The dielectric properties
of a crystal may be characterized by the magnitudes and
directions of three principal dielectric permittivities [25]. The
variation of dielectric permittivity (εr), dielectric loss (tan δ)
and ac conductivity (sac) were measured as a function of
frequency at different temperatures.
Dielectric permittivity and Dielectric loss were calculated
using the Eqs. (3) and (4)
ϵr ¼
Cd
ϵ0A
ð3Þ
tan δ¼ ϵrD ð4Þ
where C is capacitance, d is thickness of the sample, ε0¼
8.854 1012 Fm1 is permittivity of free space, A is the area
of cross section and D is the dissipation factor. Figs. 9 and 10
show the frequency dependency of dielectric permittivity and
dielectric loss of LGHC crystal at different temperatures. It
was found that the values of dielectric permittivity and
dielectric loss decrease with the increase of frequency at all
temperatures. As the temperature increases, the value of the
dielectric permittivity also increases. The very high values of εr
and tan δ at low frequencies are due to the presence of all the
four polarizations namely, space charge, orientational, ionic
and electronic polarizations. As the frequency increases, the
space charge cannot sustain and comply with the external ﬁeld
and hence the polarization decreases [26]. According to Miller
rule, the low value of dielectric loss at high frequencies
revealed the high optical quality of the crystal with less
electrically active defects, which is a desirable property for
NLO applications [27,28].Fig. 9. Dielectric permitivity versus frequency.
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sac ¼ ωϵ0ϵr tan δ ð5Þ
where ω¼2πf, f is the frequency of the applied electric ﬁeld.
The Fig. 11 shows the variation of ac conductivity for different
frequencies. It is observed that the ac conductivity feebly
increases up to the logarithmic frequency of 6.47 Hz (3 MHz).
A sharp increase was observed at the logarithmic frequency of
6.6 Hz (4 MHz) for all the measured temperatures and that
indicates the dielectric breakdown frequency of the material.3.8. Microhardness studies
The mechanical property of the LGHC crystals was studied
using SHIMADZU HMV 2 T Vickers hardness tester, ﬁtted
with a Vickers's diamond pyramidal indenter. The hardness of
the crystal carries information about the strength, molecular
bindings, yield strength and elastic constants of the materialFig. 10. Dielectric loss versus frequency.
Fig. 11. Log frequency versus ac conductivity.[29]. The hardness values (Hv) were calculated from Eq. (6)
Hv ¼
1:8544P
d2
Kg=mm2 ð6Þ
where P is the applied load and d is the mean diagonal length
of the indentation. Fig. 12 shows the variation of Vickers's
hardness value Hv with the applied load P. It shows that the
hardness increases with the increasing load. An increase in the
mechanical strength will have signiﬁcance effect on NLO
device fabrication and processing such as ease in polishing and
less wastage due to cracking or breakage while polishing
[30,31].This can be considered as the reﬂection of Reverse
Indentation Size Effect (RISE) [32,33]. The RISE can be
related to energy loss owing to the cracking of the specimen
during indentation [34]. Comparison of hardness number for
other semiorganic materials for maximum load is shown in
Table 4.
Meyer's law [35] relates to load and size of indentation as
P¼ adn
log P¼ log aþ nlogd ð7Þ
Here, ‘a’ is the constant for a given material. Using the
above Eq. (7) work hardening coefﬁcient/Meyer's index ‘n’
was determined from the slope of a plot of log d versus log P.Fig. 12. Vickers hardness number versus load.
Table 4
Comparison of mechanical hardness number for maximum load (100 g).
Crystal Hardness number (Kg/
mm2)
Reference
LGHC 75.35 Present work
Triglycine zinc chloride (TGZC) 37 [29]
sodium sulfanilate dihydrate
(SSDH)
58.2 [25]
Diglycine zinc chloride(DGZC) 107.6 [13]
Fig. 13. Plot of log d versus log P.
Table 5
C11 and sv for various loads.
S.No Load (gm) C11 ( 1012 Pa) σv ( 1012 Pa)
1 25 14.398 15.020
2 50 27.298 21.648
3 100 61.031 34.284
J. Uma, V. Rajendran / Progress in Natural Science: Materials International 26 (2016) 24–3130Fig. 13 shows the plot of log P versus log d ﬁtting data
using least-squares ﬁt method and the value of n was found to
be 4.94. Vicker hardness increases with the increase of P if
n42 and decreases if no2. According to Onitsch [36] and
Hanneman [37] ‘n’ should lie between 1 and 1.6 for hard
materials and is greater than 1.6 for soft materials. The grown
LGHC crystal belongs to soft material category.
The elastic stiffness constant (C11) for different loads is
calculated using Wooster's empirical formula [38] C11¼Hv7/4
shown in Table 2 indicates that the binding forces between the
ions are quite strong. For the Meyer's index n42, Cahoon et
al [39] used the formula
sv ¼
Hv
2:9
1 n2ð Þ½  12:5 n2ð Þ
1 n2ð Þ½ 
  n2ð Þ
ð8Þ
for LGHC crystal the yield strength is calculated using the
Eq. (8) for various loads and the values are shown in Table 5.4. Conclusion
Optically good quality single crystal of the L-Glutamic acid
Hydrochloride (LGHC) was grown by slow evaporation
technique. Single crystal X-Ray Diffraction analysis shows
that the crystal belongs to the orthorhombic system with space
group P212121. The Powder X-Ray Diffraction peaks reveal
the crystalline nature of the LGHC crystal. The functional
groups were conﬁrmed by Fourier Transform Infrared spectral
analysis. From UV–vis–NIR studies, a low optical absorptionwas observed in the entire visible, near infrared region. Lower
cut-off wavelength was found to be 248 nm that facilitates the
grown crystal to be a potential material for NLO applications.
The direct band gap energy for the grown crystal was found to
be 5.08 eV. From the refractive index measurements, the index
value was found to be 1.4. The SHG efﬁciency of the grown
crystal was found to be 0.5 times more than that of the KDP
crystal. Thermal analysis reveals that the sample is thermally
stable up to 185 1C. The grown crystal has low value of
dielectric permittivity and dielectric loss for higher frequencies
at different temperature. The ac conductivity increases with
frequency for different temperature. Vickers microhardness
reveals that the hardness number Hv increases with increasing
load exhibiting Reverse Indentation Size Effect. The value of
Meyer's index, ‘n’ was found to be 4.94 and the grown crystal
falls under the soft material category. The values of elastic
stiffness constant (C11) and yield strength (sv) are calculated.
The high value of C11 indicates tight bonding between
neighboring atoms.Acknowledgments
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